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ABSTRACT
ENERGY EXPENDITURE OF COLLEGIATE
GOLFERS IN A COMPETITIVE SETTING
Kaela May Hierholzer, M.S. Ed.
Department of Kinesiology and Physical Education
Northern Illinois University, 2016
Peter J. Chomentowski, III, Thesis Director

Collegiate golf is a physically demanding sport; however, little research has been done to
establish the amount of energy expenditure and metabolic demand that is placed on a golfer in a
competitive tournament. With the advances in wearable technology, it has become more
accessible to gain knowledge on physical activities taking place in the field. PURPOSE: The
purpose of this study is to determine the accuracy of the Garmin VivoactiveHR™ activity tracker
in the lab in order to establish the amount of energy expenditure a collegiate golfer experiences
during a competitive golf tournament. METHODS: Eight NCAA-caliber golfers (4 males and 4
females) participated (Age: 19.3 ± 2.0 years; WT: 149.5 ± 13.4 pounds; Bag WT: 22.3 ± 2.0
pounds; Bag Wt./Body Wt.: 15.0 ± 1.8%; HT: 67.7 ± 3.6 inches; % Body Fat: 20.0 ± 7.3%). One
VO2max and two randomly ordered 6-minute steady-state walk tests were performed. The VO2max
test protocol used a 3.5 mph constant speed while grade increased 1% every minute. The two 6minute steady-state walk tests were done at a 0% grade (same as the golf course) with the speed
increasing to the fastest pace possible by a subject without running. One 6-minute test was
completed with a weight vest that matched each golfer’s bag weight, and the other 6-minute test
was completed without the vest. RESULTS: Phase 1, males had a lower % BF (p=0.03), higher

FFW (p=0.03), higher VO2max (p=0.02), max heart rate (p=0.04), max RER (p=0.03), and max
VE (p=0.02) compared to the female golfers. During all 6-min walk tests (with and without bag
combined), when looking at caloric expenditure, the activity tracking device overestimated
calories expended when compared to the actual metabolic cart kcals used (+22.4%; p=0.01)
across all 6-min tests completed by the golfers. For the 6-min walk without the bag, stepwise
regression showed in order of importance heart rate, distance covered, and step count entered the
final equation (r-squared = 0.966, p=0.0021). Phase 2, females had higher scores than males
(females: 87.5 ± 6.43 strokes; males: 76.75 ± 4.65 strokes), walked a greater distance (females:
7.43 ± 0.23 miles; males: 7.37 ± 0.18 miles), took longer to complete the golf rounds (females:
282:42 ± 37:16 minutes; males: 266:05 ± 11:10 minutes), and had a greater average heart rate
(females: 121.99 ± 15.26 bpm; males: 111.00 ± 4.31 bpm). The Garmin VivoactiveHR™
underestimated the female golfers’ kcal expenditure by 6.22% compared to the gold-standard
metabolic predicted kcals. However, the male golfers experienced an overestimation of 5.3% by
the Garmin VivoactiveHR™ compared to the metabolic predicted kcals. The stepwise regression
conducted on the golf tournament data indicated that calories/hour (p=0.00) and time (p=0.00)
were the two variables that affected Garmin VivoactiveHR™ kcal expenditure the most.
CONCLUSION: The Garmin VivoactiveHR™ activity tracker was unable to accurately estimate
caloric expenditure during both the in-lab testing and the golf tournament testing.
Keywords: wearables, energy expenditure, steady-state exercise, golf
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INTRODUCTION

A collegiate golfer undergoes a lot of physical strain during a round of golf,
depending on course terrain, weather conditions, and the level of play. A golf tournament
can last between four and a half and five hours. Golf can be especially taxing in regards
to metabolic cost. Metabolic cost is the amount of energy it costs to perform work, which
can be determined through metabolism (McArdle, Katch, & Katch, 2015). Metabolism is
known as all of the processes taking place in a living organism and a metabolic rate can
be determined by the amount of heat produced (Brooks, Fahey, & Baldwin, 2005). The
amount of heat produced can determine the amount of calories burned (Brooks, Fahey, &
Baldwin, 2005). Knowing metabolic rate leads to analyzing the amount of energy
expended (EE) or the amount of energy expended above basal metabolic rate (BMR) and
resting metabolic rate (RMR) (McArdle, Katch, & Katch, 2015). For golf, the metabolic
rate has to be calculated using the non-calorimetry method which can calculate the
amount of EE based off physiological responses (Levine, 2005). Looking specifically at
EE during golf, the metabolic cost of a collegiate golfer walking 18 holes of golf can be
calculated. A collegiate golfer can expend about 1900 kilocalories (kcals) per round of
golf (Smith, 2010). With knowledge of the metabolic cost on collegiate golfers, it can be
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seen what steps are needed in the future for each athlete to properly prepare and reach
optimal performance.
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REVIEW OF LITERATURE

Metabolism
Metabolism is a process in which energy and materials are converted and used by
organisms to determine how fast an organism can convert the energy and materials
(Gillooly, Brown, West, Savage, & Charnov, 2001). Metabolism provides the information
needed to know the rate of EE, whether it is at rest or during activity (Brooks, Fahey, &
Baldwin, 2005). There are two different measurements of metabolic rate; BMR and
RMR. BMR refers to EE during a state of comatose, using the minimum energy needed
to stay alive (McArdle, Katch, & Katch, 2015). However, RMR refers to EE during a
resting state where an individual does no physical activity (McArdle, Katch, & Katch,
2015).
BMR represents the minimum amount of energy metabolism that is needed for an
individual to maintain vital functions such as breathing and basic heart functions (Henry,
2005). In order to test for a true BMR, the subject needs to adhere to the following
instructions: fully rested, lying down, awake but still, fast for 10-12 hours prior, and free
from stress (Henry, 2005). Even though the function of BMR is the same, it is different
from person to person (Speakman, Krol, & Johnson, 2004). Everyone is comprised
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differently in regards to lean body mass (LBM) and fat-free body mass (FFM)
(Speakman, Krol, & Johnson, 2004).
FFM is defined as lipid-free tissues that include things such as bone, connective
tissue, muscle, organs, and water (McArdle, Katch, & Katch, 2015). LBM can be defined
as fat-free body mass as well as essential body fat (McArdle, Katch, & Katch, 2015). A
difference in body composition can be observed between males and females, as well as
between athletes and non-athletes (Wu & O’Sullivan, 2011). Males typically have a lower
percent of FFM and a higher percent of LBM compared to women (Wu & O’Sullivan,
2011). When comparing LBM to FFM, LBM has a higher metabolic rate (Speakman,
Krol, & Johnson, 2004); therefore, if two individuals have the same body weight, one
may have a higher metabolic rate due to having a higher percent of LBM (Speakman,
Krol, & Johnson, 2004). With the difference in body composition between males and
females, it would be better to compare the same gender rather than comparing males to
females.
RMR, the amount of energy expended while at rest, is an indicator of how much
energy an individual expends throughout the day remaining at rest (Arciero, Goran, &
Poehlman, 1993). RMR is the amount of energy expended at rest and is responsible for
about 60-75% of one’s daily EE (Arciero, Goran, & Poehlman, 1993). The most accurate
way to measure one’s RMR is through measuring the carbon dioxide produced and
oxygen consumed; this is known as indirect calorimetry (Kim, Kim, Kim, Park, & Kim,
2015). Along with this method, there are also equations that can be used to estimate one’s
RMR according to Speakman and Selman (2003), such as Equation 1 and Equation 2:
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Males: RMR = 68 - [43.3 x Age] + [712 x (Height/100)] + [19.2 x Weight]

(1)

Females: RMR = 189 - [17.6 x Age] + [625 x (Height)/100)] + [7.9 x Weight] (2)
The amount of fat-free mass that a person has will have the largest effect on one’s
RMR (Kim et al., 2015), thus the large differences in individual RMR between males and
females, as well as athletes and non-athletes (Arciero, Goran, & Poehlman, 1993).
Contributing to the difference in RMR values is men usually have less fat-free mass than
women; therefore, men typically have a higher RMR of up to 23% (Arciero, Goran, &
Poehlman, 1993). The large difference in RMR values between males and females could
play a role in the amount of EE and metabolic cost.
Metabolic Cost
Metabolic cost is defined as the amount of energy needed to perform a physical
activity; this can be expressed in metabolic equivalent of task (MET) (Ikeda, Cooper,
Gulick, & Nguyen, 2008). The MET can be used to estimate how intense exercise is, with
1 MET equaling 3.5 mL/kg/min (McArdle, Katch, & Katch, 2015). METs recorded at
1.6-2.9 would be light intensity, moderate intensity is categorized as 3-6 METs, and
vigorous exercise is categorized as greater than 6 METs (Ainsworth et al., 2011). Golf is
considered a low-activity sport; however, that can largely depend on the difficulty of the
terrain. The METs can be closer to moderate intensity (Dear, Porter, & Ready, 2010).
According to Ikeda, Cooper, Gulick, and Nguyen (2008), an 18-hole round of golf
consists of roughly six miles of walking. Depending on how the course is laid out or how
the player performs can determine the actual amount of distance covered. Therefore,

6!
many factors contribute to the metabolic cost. One of these differences is whether a
player walks the golf course and uses a pull- or push-cart or carries his or her clubs.
According to Dear, Porter, and Ready (2010), using a pull-cart while playing golf equals
about 4.3 METs, meaning a low-intensity exercise. This, however, does not take into
account other determining factors such as terrain, pace of play, skill level of the player,
and physical fitness.
Golfers who use a pull- or push-cart do not have the excess load to carry, thus
decreasing metabolic cost (Smith, 2010). Collegiate golfers are permitted to utilize a pullor push-cart; however, the majority walk and carry their own clubs. According to Jette,
Sidney, and Blumchen (1990), walking and carrying clubs equals about 5.1 METs. Also
contributing is how much golf bags can weigh, which is reported between 30 and 50
pounds when geared and stocked for a tournament (Lubinger, 2011). The extra weight
increases the metabolic demands for a golfer (Ikeda, Cooper, Gulick, & Nguyen, 2008).
The increase in metabolic demand when carrying one’s clubs is due in part to an increase
in muscle recruitment and a decrease in gait efficiency (Ikeda, Cooper, Gulick, &
Nguyen, 2008), which can lead to a decrease in golf performance. The decrease in golf
performance would be caused by the increased metabolic demands, which would cause
the golfer to fatigue faster, hindering proper swing mechanics and ultimately causing
poor performance (Ikeda, Cooper, Gulick, & Nguyen, 2008). An increase in metabolic
demands could also lead to an increase in EE (Ikeda, Cooper, Gulick, & Nguyen, 2008).
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Energy Expenditure
EE is used to measure the metabolic needs and what fuel is being used in human
performance (Levine, 2005). Therefore, the difference between RMR and EE is RMR
quantifies the amount of energy expended while an individual is completely at rest,
whereas EE is the amount expended throughout an active day, in addition to resting levels
(McArdle, Katch, & Katch, 2015). EE is affected by many different aspects of daily
living, such as diet, emotional responses, physical activity, and exercise (Levine, 2005).
Total EE can be calculated by indirect calorimetry, direct calorimetry, and noncalorimetric techniques. Indirect calorimetry, the most accurate way to measure metabolic
rates (Kim et al., 2015), is measured and formulated through the amount of oxygen
consumed and the amount of carbon dioxide produced (McArdle, Katch, & Katch, 2015).
Calorimtery is a direct measure of the amount of heat lost (Levine, 2005); therefore, you
are indirectly measuring the metabolic processes. The non-calorimetric methods are used
to establish the amount of energy expended through measuring and observing
physiological responses (Levine, 2005). For example, with non-calorimetry, one uses the
heart rate response to estimate metabolic activity. According to Levine (2005), there is a
direct relationship between EE and heart rate (HR); therefore, if you change one variable,
you will see a change in the other.
Total EE is the total energy expended in one day (McArdle, Katch, &, Katch,
2015). On average, college-aged males expend 2,900 kcals per day and college-aged
females expand 2,200 kcals per day (McArdle, Katch, & Katch, 2015). These values of
EE would be based of daily activities of walking, standing, sitting, and minimal
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recreation activity (McArdle, Katch, & Katch, 2015). Classification of these activities
would be light due to the low amount of energy expenditure and less than 3 METs
(McArdle, Katch, & Katch, 2015). In addition to daily activities, individuals can
participate in additional physical activity and exercise to increase their total EE. For
example, cycling expends about 12 kcal/minute (min) (Brooks, Fahey, & Baldwin, 2005).
If an individual were to cycle for a period of time, the kcals expended would be added to
the RMR, leading to a higher TEE. Running at an 8-minute mile pace expends about 14.8
kcal/min (Brooks, Fahey, & Baldwin, 2005). When comparing cycling and running,
running expends more kcal/min. EE may increase when there is an increase in mass, such
as with a weight-bearing activity like running (McArdle, Katch, & Katch, 2015). Other
examples of weight bearing activities are walking, jogging, and golf.
History of Golf
Golf is a sport that first originated in Scotland in the 15th century, but it did not
reach the United States until the late 1800s when the United States Golf Association
(USGA) formed (Ceron-Anaya, 2010). When golf was first played in the United States, it
was seen as a sport that was only played by the wealthy class; however, the sport began
to spread to all social classes in the years to follow (Ceron-Anaya, 2010). The
Professional Golfers’ Association (PGA) of America was established in the early 1900s,
but it wasn’t until the mid-1900s that the Ladies Professional Golfers Association
(LPGA) was formed (International Golf Federation, 2014). Many things in golf have
advanced over the years, from rules to equipment and even to fashion trends.
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The format of college golf has evolved over the years. According to the National
College Athletic Association (NCAA, 2016), golf was first recognized as a NCAA
Division I men’s sport in 1939, Men’s Division II golf followed in 1963, and lastly Men’s
Division III golf was recognized in 1975. It wasn’t until 1982 that the NCAA recognized
Division I women’s golf as a sport within their governing body; Women’s Division II golf
was then recognized in 1996; however, it wasn’t until 2000 that Women’s Division III
golf was recognized by the NCAA (NCAA, 2016). From these dates, it can be seen that
women’s golf took much longer to develop than men’s golf, showing just one gender
difference that exists in collegiate golf.
Gender differences in golf exist throughout the sport. To be categorized as a
bogey golfer, a female would hit tee shots averaging 150 yards, reach the green in
regulation, and report a handicap around 24 (Callan & Thomas, 2006). However, a male
golfer must have 20 handicap and have average tee shots of 200 yards (Callan &
Thomas). If a female golfer were to be categorized as a scratch golfer, she must hit tee
shots averaging 210 yards or farther, reach the green in regulation, and have a handicap
of 0 (Callan & Thomas, 2006). Male golfers also need to be a zero handicap, but they
must be able to hit their tee shots an average of 250 yards in order to be a scratch golfer
(Callan & Thomas, 2006). Both skill levels can be found in collegiate golf. Due to the
difference in golfer classifications between males and females, the course length differs
depending on the gender playing. Typically, males can hit the ball farther than women;
therefore, a comparison cannot accurately be made between genders (Callan & Thomas,
2006). Women play about 6,400 yards per 18 holes and men play about 6,800 yards per
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18 holes (Frank, 2016). In order to compare within a group, they must all be the same
gender to get accurate results due to the difference in course distance for males and
females set by the NCAA.
NCAA Golf
NCAA golf rules follow those set by the United States Golf Association (USGA).
Even though collegiate golfers follow the rules set by the USGA, specific rules are also
made for an NCAA round. The NCAA rules are in regards to equipment regulations,
prohibition of transportation, and the prohibition of caddies.
Golf is a game played with honor; therefore, it is assumed each player will honor
the rules set by the USGA and NCAA, and with this, each player should play with
honesty and integrity (Nager & Holmes, 2012). If a rule discrepancy arises or a situation
presents itself where a ruling must be made on the course, the rules committee will make
the final ruling (Nager & Holmes, 2012). Specific instructions can be implemented for
that round by the rules committee dependent on course conditions, such as pick, clean,
and place; standing water; or ground under repair.
Collegiate golf tournaments are played in a stroke play format where each stroke
is counted as part of the score throughout the round (Nager & Holmes, 2012). Typically, a
golf tournament is played in foursomes, with each player representing a different team.
The form of stroke play used is individual, which means that each golfer plays as a single
competitor where one plays one’s ball from start to finish (Nager & Homes, 2012). The
individual with the lowest score at the end of the round is deemed the winner (Nager &
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Holmes, 2012). With every individual playing for him or herself in a group of four, pace
of play can be slowed, especially if penalties arise.
Pace of play is an important consideration to be made by every competitor. Every
group should maintain a pace such that they can keep up with the group in front of them
(Nager & Holmes, 2012). However, if this is not obtainable, the slower group should
allow the faster group behind them to play through to maintain pace (Nager & Holmes,
2012). If a player in the group has a lost ball, she or he is allowed five minutes to search
for the ball. If the ball is not found, the individual must then play a provisional ball
(Nager & Holmes, 2012). A certain pace or time restriction may be set by the rules
committee prior to the start of the round (Nager & Holmes, 2012).
The use of a caddie is prohibited during an NCAA round of golf. However, a
competitor is allowed to use a push-cart or pull-cart without penalty. There is a difference
between the use of a caddie and using a push-cart or pull-cart. A caddie carries all the
golfer’s clubs and supplies and helps the golfer make club choices, read distances, and
read putting greens. Golfers using a push-cart or pull-cart have their clubs on wheels and
don’t experience the extra weight of their clubs on their backs, but they still make all
decisions themselves. Competitors are not allowed to use any form of transportation
during a round, but this rule can be altered by the rules committee if need be depending
on the golf course and terrain (Nager & Holmes, 2012). Due to the golfers walking and
carrying their own clubs, this needs to be taken into account when determining how
physically demanding the sport is and the amount of energy expended.
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Energy Expenditure in Sport
EE varies from sport to sport based on the activity and intensity. A basketball
game has been recorded at expending 8.6 kcal/min for males and 6.8 kcal/min for females
(Wilmore, Costill, & Kenney, 2008). Basketball is considered a vigorous activity due to
the continuous physical activity, the intensity of the sport, and greater than 6 METs (Jette,
Sidney, & Blumchen, 1990). Shooting a basketball measures at 4.5 METs; however, a
non-competitive game of basketball has been measured at 6 METs and a competitive
game of basketball is measured at 8 METs (Powers & Howley, 2009). METS increased as
the intensity of the activity increased. An activity that is not as high intensity is
badminton. Badminton expends 6.4kcal/min (Brooks, Fahey, & Baldwin, 2005). The
lower intensities of badminton are due in part to the limited amount of movement, the
amount of standing, and about 5 METs (Brooks, Fahey, & Baldwin, 2005). When looking
closer at badminton, competitive games show the higher METs of 6-7; however, that
changes depending on the number of players (Jette, Sidney, & Blumchen, 1990). The
METs decrease as the number of players increases; therefore, if a singles match is being
played, it is only 4-5 METs, whereas a doubles match is 3-4 METs (Jette, Sidney, &
Blumchen, 1990). The decrease in METs occurs because with the increase in players, less
strain is placed on a single individual (Jette, Sideny, & Blumchen, 1990). The amount of
EE can vary not only from sport to sport, but also within each sport.
EE in golf can vary depending on the player and conditions such as terrain.
According to Brooks, Fahey, and Baldwin (2005), golf expends 5-8.5 kcal/min depending
on if the golfer is carrying her or his golf bag or utilizing a push-cart. EE for an 18-hole
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round of golf has been found to be between 960 and 1,954 kcal (Smith, 2010). Since
there is a range of EE for golf, it needs to be explored in greater depth. Many aspects of
the game of golf can affect EE. These aspects are terrain of the course, how the golfer
carries clubs, gender, and whether one is playing in a competitive environment or not.
When placed in a competitive environment, both males and females average a
higher heart rate throughout the round (Smith, 2010). The increase in heart rate response
is due to the stress and adrenaline that accompanies competition (Smith, 2010). Through
non-calorimetric measurements, this could lead to a higher energy expenditure and
overall metabolic cost due to the relationship between heart rate and EE (Levine, 2005).
Heart rate monitors can be used to observe golfers’ heart rates and EE since they do
hinder the golfer and are portable. Therefore, heart rate monitors are the optimal tool used
for non-calorimetric measurements of EE for golfers (Levine, 2005).
Because of the prohibition of caddies and the use of transportation, most
collegiate golfers carry their golf clubs during their round. Therefore, the golfer will
expend more energy. The EE while carrying clubs in a round of golf is roughly 1,954 kcal
during 18 holes of golf; this equates to 11.8 kcal/min (Smith, 2010). Using a push-cart or
pull-cart will decrease the amount on energy expended to 1,527 kcal throughout the
round, or 9.2 kcal/min (Smith, 2010). The increase in EE for golfers who carry their clubs
(427 kcal) could be due to the weight of the equipment and the weight-bearing exercise
of walking (McArdle, Katch, & Katch, 2015). According to Zunzer, von Duvillard,
Tschakert, Mangus, and Hofmann (2013), EE for a female golfer who was walking 18
holes either carrying her clubs or using a pull-cart was 556 ± 180 kcal. Knowing the
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amount of energy expended for a collegiate golfer to walk 18 holes carrying clubs,
utilizing a push-cart or pull-cart is valuable information. With this knowledge, athletes
can be better prepared for their season and each golf round played. Knowing the EE of
collegiate golf can aid in guiding golfers to properly prepare for their season through
physical fitness, nutrition, and supplementation.
Garmin VivoactiveHR™
The Garmin VivoactiveHR™ is a portable, wearable device that tracks activity.
This device has the ability to track caloric expenditure, heart rate, mileage, and pace on
the golf course (Garmin, 2016). The Garmin VivoactiveHR™ is able to track mileage and
pace due to the built-in accelerometer (Garmin, 2016). Heart rate is recorded with a heart
rate monitor that is located on the device (Garmin, 2016).
Conclusion
Energy expenditure is a valuable tool in analyzing the metabolic demand golf
places on its collegiate athletes. With the use of non-calorimetric measurements through
physiological responses, the energy expenditure can be measured during a round of golf.
Looking specifically at collegiate golfers who walk the course and carry their golf clubs,
it is expected that there will be an increase in the metabolic cost. With the expenditure of
energy being relatively high, 11.8 kcal/min (Smith, 2010), and the activity being
prolonged, it is beneficial to understand how to better prepare collegiate golfers so they
can achieve peak performance.
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METHODOLOGY

Golf is a physically demanding sport for collegiate golfers. Unlike people who
play for leisure, they are not allowed golf carts, and unlike professional golfers, they are
not allowed to have caddies. Collegiate golfers must walk at least 18holes a day while
carrying their golf clubs, and most collegiate tournaments consist of two consecutive
days of 18-hole rounds. Due to this, the energy expenditure and metabolic cost of
collegiate golf is greater than expected in leisure or professional golf.
The purpose of this study was to observe the amount of energy expenditure a
collegiate-caliber golfer uses while carrying golf clubs in a competitive setting. A
secondary purpose of this study was to better understand how a golfer’s actual
tournament play affected his or her overall energy expenditure. This study includes two
data collection phases. Phase 1 was performed in the lab under highly standardized
procedures. Phase 2 was performed using standardized measurement procedures but
tracked each golfer during a two-day links golf tournament.
Subjects
This study consisted of eight participants. Subjects were recruited by contacting
local collegiate golf coaches. The participants were collegiate-caliber athletes and
between the ages 18 and 25. Exclusions include if the subject was unable to carry his or
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her golf clubs, or the golfer was not willing to wear the Garmin VivoactiveHR™ activity
tracker on their wrist.
Procedures
Prior to starting the study, the subjects signed the informed consent and completed
the medical history form. Following the completion of the paperwork, the subject’s age,
height, weight, and weight of golf bag were measured on a scale. The subjects were also
asked how many times they have played the designated golf course and their 18-hole
scoring average. The relevant subject information was then entered into a Garmin
VivoactiveHR™ activity tracker.
For Phase 1, the pre-tournament lab testing, each subject was tested at Exercising
Nutritionally’s Clinical Performance Research Lab (Lisle, IL). Testing included body
composition, device calibration, two 6-minute steady-state walk tests, and a VO2max test.
Body composition was measured using the InBody 570. This machine measures body
composition using bioelectrical impedance analysis. The InBody 570 is a multi-frequency
(5 kHz, 50 kHz, 500 kHz) machine that has been previously validated with dual X-ray
photo bsorption (DEXA). For this study, height, weight, percent body fat, and fat-free
weight were measured. Immediately following the measurement of body composition, the
Garmin VivoactiveHR™ device (Garmin, Olathe, KS) was secured on the subject’s nondominant arm. Each subject was accompanied by a researcher to the parking lot of
Exercising Nutritionally. This parking lot was a flat surface outdoors where GPS could be
detected. Calibration of the device lasted between 10-15 minutes as directed by the
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manufacturer. Once the watch indicated that calibration was complete, the subject
returned to the lab to be prepped for the two 6-minute tests. During these tests, the
subjects were required to wear a heart rate monitor via a chest strap, a Moxy or regional
skeletal muscle oxygen saturation monitor (SMO2), and a VO2 mask.
To get an accurate metabolic profile of walking with and without the bag as each
golfer would do during tournament play, each golfer performed two 6-minute steady-state
walk tests. During these tests, the variables collected were VO2, heart rate, ventilation,
metabolic kcals, Garmin VivoactiveHR™ kcals, and speed. One 6-minute test was
performed with weighted vest and one was performed without weighted vest, which was
determined at random for each subject.
The 6-minute walk test without the weight vest was performed with the subject
walking with the Garmin VivoactiveHR™, a VO2 mask, a heart rate monitor, and a
Moxy. The treadmill was set at 0% grade throughout this test while the subject controlled
the speed. The subject was to walk at the fastest speed possible without running. After 6
minutes were completed, the treadmill was stopped and the mask was removed from the
subject. The weight vest with the appropriate amount of weight was then placed and
secured on the subject. The mask was then placed back on the subject. The switch
between the 6-minute test with and without the weight vest was done in 3 minutes. The
subject was then instructed to perform the same test following the same protocol.
Following the completion of the second 6-minute test, the subject was able to recover.
Each subject was given 15 minutes of recovery when they could drink water and rest
before starting the VO2max test.
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The VO2max test was performed using a protocol that consists of a constant speed
of 3.5 mph and the grade increased 1% every minute. The subjects wore a weight vest
that simulated the weight of their golf bags. During this test, the subjects wore the
Garmin VivoactiveHR™ on their non-dominant wrist, a heart rate monitor via a chest
strap, and a Moxy on their quad. The variables collected during this test were VO2, heart
rate, RER, ventilation, respiratory rate, tidal volume, metabolic kcals, and Garmin kcals.
Following the rest period, subjects sat beside the treadmill and the weight vest was placed
and secured on them. Then the VO2 mask was placed on the subject. Once the subject
was prepped for the test, he or she sat and was instructed to relax until RER level was
between .80 and .85. The subject then stood up and straddled the treadmill until it reached
a speed of 3.5 mph. Next, subjects lowered themselves onto the treadmill and began stage
1 of the VO2max test. The subject was instructed to perform the test until fatigue. During
the test, data was collected every minute. Following the completion of the VO2max test,
the subject was able to remove the VO2 mask, weight vest, heart rate monitor, Moxy, and
Garmin VivoactiveHR™. The subject had then completed the in-lab testing required for
this research study.
Phase 2 consisted of the testing that took place on the golf course, Bolingbrook
Golf Club (Bolingbrook, IL). Bolingbrook is a links-style golf course with a course rating
of 71.4 and a slope of 132. The golfers played from the white tee markers, making the
total yardage 6,480 yards. The participants played two rounds of 18 holes. The subjects
followed the rules set by the United States Golf Association (USGA), the NCAA, and the
appointed rules committee. They played in an individual stroke play format and carried
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their golf clubs on their backs. During the study, heart rate, energy expenditure, and
distanced travelled were monitored with a Garmin VivoactiveHR™ activity tracker.
Prior to teeing off for each round, the subject’s weight and bag weight were
measured on a doctor’s scale located in the clubhouse at Bolingbrook Golf Club. This
information was then placed into the activity tracker to ensure accuracy. The golfers then
put the Garmin VivoactiveHR™ device on their non-dominant wrist and were placed into
groups of four based on their gender.
Prior to the start of round 1 and round 2, each foursome was called to the tee box
to introduce themselves, identify their golf balls, exchange scorecards, and to go over
course rules with the starter on duty. Each participant kept track of his or her own score
as well as another golfer’s. In addition to score, each subject kept track of fairways hit,
greens in regulation, and number of putts. Each participant received a blank scorecard
and statistics card similar to what would be issued at a collegiate tournament. Prior to
their first tee shot, golfers began tracking their activity on the Garmin VivoactiveHR™
watch. During the round, subjects hit the lap button after they putted out every hole and
before every tee shot. A research assistant was there to ensure that all golfers followed
this protocol throughout the golf testing.
After putting out on hole 18 for round 1 and round 2, subjects stopped tracking
their activity. Following the round, each foursome verified their scores with the group
and signed the scorecards. All scorecards were signed by the scorer and a witness before
they were accepted. The golfers then turned in their scorecards.
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Following each round, the scores were tallied. After round 2, a cumulative score
from both rounds was calculated. The subject with the overall lowest cumulative score
for both days was the winner, with placing following from lowest score to highest score.
Following each round, every subject’s weight and weight of golf bag were recorded.
The female subjects’ round 1 weather was 80 degrees and sunny on the front 9
holes and increased to 85 degrees and sunny on the back 9 holes. On round 2, the front 9
holes was 75 degrees and sunny; then increased to 86 degrees and sunny. For the males,
their round 1 weather was 68 degrees and sunny, with a slight breeze on the front 9 holes,
changing to 76 degrees and sunny on the back 9 holes. For round 2, the front 9 holes were
62 degrees and sunny and the back 9 holes were 77 degrees and sunny.
Statistical Analysis
JMP Statistical Discovery Software from SAS Version 12.2.0 (Cary, NC) was
used to run paired t test, one-way ANOVA, linear regression, stepwise regression, and
bivariate covariance on the data. Data was analyzed with a significance level of <0.05
and a 95% confidence interval.
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RESULTS

Phase 1
Table 1 highlights the physical characteristics of the golfers. All golfers were of
college age (18 to 25 years old). While males weighed 12.7 pounds more than the female
golfers, this difference was not significant. The male golfer were significantly leaner and
had 23.4 lbs more fat-free weight (p=0.03). Interestingly, although the male golfer’s bag
was heavier than the female golfer’s, the bag weight to body weight ratio was lower in
men.
Table 1 - Physical Characteristics
Variable

All Subjects

Females

Males

Males vs. Females

19.3 ± 2.0

20.5 ± 2.5

18.0 ± 0.0

NS, 0.14

149.5 ± 13.4

143.2 ± 15.7

155.9 ± 8.0

NS, 0.22

Bag Weight (pounds)

22.3 ± 2.0

21.4 ± 1.3

23.1 ± 2.4

NS, 0.26

Bag Wt./Body Wt. (%)

15.0 ± 1.8

15.1 ± 1.9

14.9 ± 2.0

NS, 0.45

Height (inches)

67.7 ± 3.6

66.0 ± 4.6

69.4 ± 1.2

NS, 0.23

% Body Fat (%)

20.0 ± 7.3

24.6 ± 6.0

15.4 ± 5.8

0.03

120.1 ± 17.2

108.4 ± 17.1

131.8 ± 5.4

0.03

Age (years)
Weight (pounds)

FFW (pounds)

Table 2 highlights the results of the VO2max test. These results show that the
female golfer’s VO2max was 39.7 ± 6.2 mL • kg-1• min-1, which ranks them in the 60th
percentile for aerobic fitness. Male golfers had a VO2max value of 51.7 ± 3.8 mL • kg-1•
min-1, placing them at the 85th percentile aerobically. Compared to females, males had
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higher max heart rates (Males: 210.8 ± 7.6 bpm; Females: 193.8 ± 13.7 bpm). Max RER
was similar between the males and females (Males, 1.2 ± 0.0; Females, 1.1 ± 0.0). The
male golfers had greater maximal VE values (140.9 ± 20.2 L/min) than the female golfers
(100.9 ± 9.5 L/min). As expected, males had a significantly greater max TV (2.7 ± 0.2 L)
compared to the females (1.8 ± 0.2 L) while there were no statistical differences in
respiratory rates.
Table 2 - VO2max Results
Variable
VO2max (mL/kg/min)
Max HR (bpm)
Max RER (VCO2/VO2)

All Subjects

Females

Males

Females vs Males

45.7 ± 8.0

39.7 ± 6.2

51.7 ± 3.8

0.02

202.3 ± 13.7

193.8 ± 13.7

210.8 ± 7.6

0.04

1.1 ± 0.1

1.1 ± 0.0

1.2 ± 0.0

0.03

Max VE (L/min)

120.9 ± 25.9

100.9 ± 9.5 140.9 ± 20.2

0.02

Max RR (bpm)

56.0 ± 8.7

57.5 ± 6.0

54.6 ± 11.6

NS, 0.67

Max TV (L)

2.3 ± 0.6

1.8 ± 0.2

2.7 ± 0.2

NS, 0.00

Table 3 highlights the physiological responses in all golfers combined (males and
females) for the 6-minute steady-state tests. Unexpectedly, there were no statistically
significant differences observed in oxygen uptake, heart rate, ventilatory responses, and
caloric expenditure when comparing walking on the treadmill with and without the golf
bag simulated weight vest.

Table 3 - 6-Minute Steady-State In-Lab Data
Variable

W/Bag

W/Out Bag

Paired T-Test

29.4 ± 2.0

28.2 ± 1.7

NS, 0.24

Mean HR (bpm)

154.7 ± 20.1

152.5 ± 24.5

NS, 0.65

Mean VE (L/min)

57.3 ± 7.4

57.4 ± 11.8

NS, 0.98

Met. Kcals

58.7 ± 5.5

56.6 ± 7.7

NS, 0.29

Mean VO2 (mL/kg/min)
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However, table 4 shows that while females responded similarly across the two 6minute steady-state treadmill walks, male golfers showed significantly higher ventilation
rates (p=0.02) and Garmin estimated kcals expenditure (p=0.01). Relative to the
tournament play data, this was a very important finding showing that the Garmin device
may overestimate the actual caloric expenditure of the male golfers during the
tournament.
Table 4 - 6-Minute Steady State In-Lab Data by Gender
Females
Variable

W/Bag

W/Out Bag

Paired T-Test

29.7 ± 2.8

27.3 ± 1.4

NS, 0.26

Mean HR (bpm)

154.9 ± 13.7

147.3 ± 28.4

NS, 0.42

Mean VE (L/min)

60.9 ± 5.0

56.8 ± 15.4

NS, 0.55

Met. Kcals

56.5 ± 5.4

52.3 ± 8.1

NS, 0.29

Garmin Kcals

63.5 ± 19.7

61.8 ± 24.6

NS, 0.61

W/Bag

W/Out Bag

Paired T-Test

29.0 ± 1.0

29.0 ± 1.7

NS, 0.93

Mean HR (bpm)

154.5 ± 27.5

157.7 ± 23.0

NS, 0.54

Mean VE (L/min)

53.7 ± 8.2

57.9 ± 9.3

0.02

Met. Kcals

60.9 ± 5.2

61.0 ± 4.6

NS, 0.93

Garmin Kcals

71.0 ± 16.6

88.8 ± 21.8

0.01

Mean VO2 (mL/kg/min)

Males
Variable
Mean VO2 (mL/kg/min)

Caloric expenditure comparisons were made between the Garmin
VivoactiveHR™ energy expenditure prediction equation, (the actual gold-standard
metabolic cart kcals) and an individualized VO2max-based linear regression equation. This
equation was developed from each person’s heart rate and kcal expenditure during each
stage of the max testing.
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Figure 1 shows the data for all eight golfers with the combined mean of both
steady-state exercise trials. The data show the Garmin-derived steady-state predicted
kcals overestimated the actual kcals recorded with the metabolic cart by 22.4% (p=0.01).
Also, using each person’s VO2max-based kcal prediction equation, once again, the Garmin
device derived steady-state kcals over predicted the linear regression kcal equation by
15.5% (p=0.03).
80
p=0.03
p=0.01

73
KCALS

71
65

NS

60

58

50

58

Garmin Kcals

MET Measured KCALS

MET Predicted KCALS

Figure 1 - In-Lab Steady-State Total Kcals Expended (All Subjects With and
Without The Bag)

Figure 2 shows the results in kcal expenditure when each subject walked on the
treadmill without the golf bag weight added. Similar to what was shown in Figure 1, the
Garmin-derived steady-state predicted kcals expended overestimated the actual calories
expended by 24% (p=0.003) and 19% (p=0.01) when compared to prediction equation.
Figure 3 shows the comparison of Garmin kcals, metabolic cart kcals, and metabolic
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predicted kcals for all golfers with the bag. Even though there was no statistical
significance, the Garmin VivoactiveHR™ overestimated caloric expenditure by 13.6%.
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p=0.40
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Figure 2 - In-Lab Steady-State Total Kcals Expended (All Subjects Without the
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p=0.85

59
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Garmin Kcals
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MET Predicted KCALS

Figure 3 - In-Lab Steady-State Total Kcals Expended (All Subjects with the Bag)

2! 6
Interestingly, female and male golfers performed the 6-minute steady-state tests
differently when walking with and without the bag. As expected, female golfers
experienced a greater metabolic demand walking with the bag compared to without the
bag. Mean oxygen uptake was 8.9% greater in female golfers when walking on the
treadmill with the bag compared to non-bag walking. Consequently, female golfers’ heart
rates were lower by 7 bpm, ventilation was reduced by 3.1 liters, and overall kcals
expended were lower by 5.8%. Due to the small subject number, these differences were
not statistically significant. In stark contrast, metabolic demand between the two 6-min
walk tests in male golfers were very similar (VO2 = 29.1 mls/kg vs 29.0 mls/kg, with bag
vs without bag, respectively). When walking without the bag, male golfers increased their
walking speed 6.8% which resulted in three out of four golfers having higher heart rates
during the without-bag walk tests. Also, because the male golfers were walking faster,
they also had higher ventilations by 6.1%.
One can see in Figure 4 (Female Golfers) and 5 (Male Golfers), how these
differences may have played a major role in the Garmin-predicted kcal results when
compared to the actual metabolic. In Figure 4, one can see similar results between trial
kcal expenditure trend in the Garmin-estimated kcals for the with- and without-bag walks
compared to actual metabolic data. Although the Garmin device over predicted the total
energy expenditure, the device also was able to show a similar trend because in female
golfers their heart rate responses, pace changes, and other physiological changes moved
in an expected way with lower metabolic demand. However, in the male golfers, because
male golfers dramatically increased their walking pace during the without-bag trial
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resulting in high heart rates, the combined effect of these changes increased the Garminestimated kcals by 23.9% (p= 0.02) when no change in kcal expenditure occurred.
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Figure 4 - In-Lab Steady-State Total Kcals Expended (Female Golfers)
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Figure 5 - In-Lab Steady-State Total Kcals Expended (Male Golfers)
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In order to better understand the differences that were observed in Garmin-based
kcal expenditure values versus the actual metabolic cart kcals, stepwise regression
modeling was used. Stepwise multiple regression revealed that the variables that were
most relevant in the derived Garmin kcals during both conditions combined (weighted
walk and unweighted walk) were in order of importance: Garmin heart rate, body
weight, distance, steps/6 minutes, and mph (r-squared=0.98; p=0.0372). When only
looking at the Garmin kcals with the added bag weight trials, in order of importance,
Garmin heart rate and steps/6 minutes (r-squared=0.82; p=0.0131) were the only
variables to enter the stepwise regression prediction model. For the Gamin kcals without
the added bag weight trials, the variables in order of importance were the Garmin heart
rate, distance, and steps/6 minutes (r-squared=0.97; p=0.0021). Finally, using a bivariate
fit linear regression model looking at the relationship between the actual metabolic kcals
expended versus the Garmin-predicted kcals showing these variables were not
significantly related for the added bag trials, the r-square value was 0.46 (NS, p=0.06).
As expected, the actual metabolic kcals compared to the Garmin-predicted kcals without
the bag were highly correlated (r-value = 0.92, r-square value = 0.86 (p=0.0009)).
Phase 2
Table 5 highlights the tournament results for all golfers with means of both rounds
combined. It can be observed that male golfers scored lower (76.8 ± 4.65 strokes) overall
compared to female golfers (87.5 ± 6.43 strokes). Interestingly, although all golfers
played from the same tee markers, female golfers walked farther than the males did
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during both rounds (females: 7.49 ± 0.27 miles; males: 7.37 ± 0.18 miles) resulting in a
longer time to complete the tournament while also having a slower average walking
speed. Due to the males being more aerobically fit, as established during the lab testing,
they had lower average heart rates (111.00 ± 4.31 bpm) than the females (121.99 ± 15.26
bpm). Looking at caloric expenditure, according to the Garmin VivoactiveHR™ the
females burned more calories overall (1,642.33 ± 442.98 kcals) but less calories per hour
(348.59 ± 78.09 cal/hour) than the male golfers (1,583.13 ± 145.80 kcals; 357.13 ± 30.21
cal/hour). These results may be related to the increased on-course time and distance
traveled for female golfers to play their rounds.
Table 5 - All Rounds for All Subjects
Variable
Score (strokes)
Distance (miles)
Time (minutes)
Average Speed (mph)
Average HR (bpm)
Effort Trimp Score
Garmin Kcals
Cal/Hour
Met. Pred. Kcals
Kcal Difference

All Subjects

Females

Males

82.13 ± 7.76
7.43 ± 0.23
274:23 ± 27:56
1.64 ± 0.13
115.71 ± 11.46
136.64 ± 13.35
1608.5 ± 296.38
353.47 ± 53.45
1624.92 ± 298.19
-193.36 ± 656.43

87.5 ± 6.43
7.49 ± 0.27
282:42 ± 37:16
1.61 ± 0.16
121.99 ± 15.26
141.33 ± 19.37
1642.33 ± 442.98
348.59 ± 78.09
1751.29 ± 261.21
108.96 ± 445.61

76.75 ± 4.65
7.37 ± 0.18
266:05 ± 11:10
1.68 ± 0.09
111.00 ± 4.31
133.13 ± 5.49
1583.13 ± 145.80
357.13 ± 30.21
1498.56 ± 298.44
-420.10 ± 722.01

Combining all golfers, the Garmin VivoactiveHR™ calories were overestimating
caloric expenditure by only 1.0% compared to the metabolic predicted kcals. However,
when separated by gender, the Garmin VivoactiveHR™ underestimated the caloric
expenditure by 6.22% compared to the metabolic predicted kcals in female golfers, while
for the male golfers, the Garmin VivoactiveHR™ overestimated their calories burned by
5.3% compared to the metabolic predicted kcals. However, these differences did not
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reach statistical significance. Additionally, during the tournament it was observed that
bag weight, body weight, and total bag significantly declined due to body water loss,
water bottle content loss or loss of golf balls (p = ≤ 0.009).
When looking at individual round scoring and performance markers for all golfers
independent of gender, only the distance covered between the two rounds were
statistically different (p=0.0189; Table 6).
Table 6 - All Subjects Round 1 and Round 2
Variable
Score (strokes)
Distance (miles)
Time (seconds)
Average Speed (mph)
Average HR (bpm)
Effort Trimp Score
Garmin Kcals
Cal/Hour
Met. Pred. Kcals

Round 1

Round 2

Significance

83.4 ± 7.9
7.6 ± 0.3
17195.5 ± 1986.3
1.6 ± 0.2
116.3 ± 11.7
141.3 ± 16.6
1657.7 ± 362.4
353.2 ± 61.9
1500.1 ± 667.6

80.9 ±7.9
7.3 ± 0.1
15730.6 ± 919.7
1.7 ± 0.1
115.1 ± 12.1
132.0 ± 7.8
1559.3 ± 230.9
353.7 ± 48.5
1330.2 ± 562.7

NS, 0.14
0.0189
NS, 0.19
NS, 0.47
NS, 0.38
NS, 0.35
NS, 0.41
NS, 0.93
NS, 0.16

Looking at the tournament results for each gender separately, the data shows that
males exhibited more between-round variable significant differences (Table 7). Male
golfers took less time to play round 1 (15,339.3 ± 35.2 seconds) than round 2 (16,589.8 ±
50.4 seconds; p=<0.0001). They also walked round 1 faster (round 1, 1.8 ± 0.1 mph;
round 2, 1.6 ± 0.0 mph; p=0.0138) and had a significantly lower Trimp score effort for
round 1 (128.0 ± 0.0) compared to round 2 (138.3 ± 0.5). Interestingly, round 2 showed
greater kcal expenditure with the Garmin kcals device (p=0.0017), but when kcal per
round was compared using each golfer’s individual metabolic cart prediction equation,
expenditure between the two rounds was not significantly different. One possible
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explanation for these kcal estimate differences may be related to time it took complete
each golf round. Based on the fact that round 2 took longer, the Garmin kcal estimates
may have calculated more calories burned related to how time played a role in the kcal
prediction equation.
Table 7 - Males Round 1 and Round 2
Variable
Score (strokes)
Distance (miles)
Time (seconds)
Average Speed (mph)
Average HR (bpm)
Effort Trimp Score
Garmin Kcals
Cal/Hour
Met. Pred. Kcals

Round 1

Round 2

Significance

77.8 ± 4.6
7.4 ± 0.2
15339.3 ± 35.2
1.8 ± 0.1
111.8 ± 4.6
128.0 ± 0.0
1525.0 ± 150.8
358.3 ± 36.0
1472.19 ± 282.61

75.8 ± 5.2
7.3 ± 0.1
16589.8 ± 50.4
1.6 ± 0.0
110.3 ± 4.5
138.3 ± 0.5
1641.3 ± 133.6
356.0 ± 28.8
1524.92 ± 375.13

NS, 0.29
NS, 0.42
<0.0001
0.0138
NS, 0.29
<0.0001
0.0017
NS, 0.61
NS, 0.16

Table 8 shows the female subjects’ statistical differences comparing round 1 and
round 2. Here one can see that the female golfers walked significantly farther during
round 1 compared to the second golf round (Round 1: 7.7 ± 0.2 miles; Round 2: 7.3 ± 0.1
miles, p=0.0069). Consequently, round 2 was significantly faster than round 1
(p=<0.001) and therefore the average round walking speed was faster during round 2
(p=0.0011). Females also exhibited a significantly lower Trimp score effort during round
2 compared to round 1 (p=0.0004), which takes into account heart rate changes during
each round. Caloric expenditure was greater for round 1 play looking at both the Garmin
and metabolic cart-based equation. However, only the metabolic cart for kcal expended
showed that round 1 required a great metabolic demand (Garmin, p = 0.09; Metabolic
cart equation, p = 0.02).
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Table 8 - Females Round 1 and Round 2
Variable
Score (strokes)
Distance (miles)
Time (minutes)
Average Speed (mph)
Average HR (bpm)
Effort Trimp Score
Garmin Kcals
Cal/Hour
Met. Pred. Kcals

Round 1

Round 2

Significance

89.0 ±6.5
7.7 ± 0.2
19051.8 ± 127.1
1.5 ± 0.1
122.3 ± 16.9
159.0 ± 1.0
1834.7 ± 527.0
346.5 ± 97.2
1978.0 ± 47.1

86.0 ± 7.0
7.3 ± 0.1
14871.5 ± 51.9
1.8 ± 0.1
121.7 ± 17.2
123.7 ± 0.6
1450.0 ± 319.1
350.7 ± 76.1
1524.6 ± 119.0

NS, 0.37
0.0069
<0.001
0.0011
NS, 0.83
0.0004
NS, 0.09
NS, 0.79
0.0181

Table 9 shows a correlation matrix of all golfers for both round 1 and round 2. It
can be seen that time and distance has a positive significant correlation (p=0.0082). A
negative significant correlation was also observed between average speed and tournament
time (p=<0.0001). Effort had a significant correlation with multiple variables for all
golfers, such as distance (p=0.0082), time (p=<0.0001), and average speed had a negative
correlation (p=<0.0001). The male golfers had a positive correlation between Garmin
kcals and average heart rate (p=0.0194). All golfers had a significant correlation between
calories/hour and average heart rate (p=0.0205) and calories/hour and Garmin kcals
(p=0.0005). There was also multiple significant correlations with metabolic predicted
kcals, such as metabolic-cart predicted kcals and time (p=0.0187), metabolic-cart
predicted kcals and average speed (p=0.0348), and metabolic-cart predicted kcals and
effort (p=0.0178).
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Table 9 - All Subjects Correlation Matrix for Both Rounds
Lower
Variable
By Variable Correlation
95%
Time (minutes)

Upper
95%

Signif.
Prob.

Distance

0.72

0.25

0.92

0.0082

Time

-0.92

-0.98

-0.75

<0.0001

Effort

Distance

0.72

0.25

0.92

0.0082

Effort

Time

0.99

0.99

0.99

<0.0001

Effort

Average Speed

-0.92

-0.98

-0.74

<0.0001

Garmin Kcals

Average HR

0.66

0.14

0.89

0.0194

Cal/Hour

Average HR

0.66

0.13

0.89

0.0205

Cal/Hour

Garmin Kcals

0.85

0.54

0.96

0.0005

Met. Pred. Kcals

Time

0.66

0.14

0.89

0.0187

Met. Pred. Kcals
Met. Pred. Kcals

Average Speed
Effort

-0.61
0.66

-0.88
0.15

-0.06
0.89

0.0348
0.0178

Average Speed (mph)

Looking at the female golfers alone (Table 10), they had multiple correlations that
were significant. Time and distance had a positive, significant correlation (p=0.0040).
Average speed and time had a negative, significant correlation (p=00003). As for effort,
there were three significant correlations: distance (p=0.0028), time (p=<0.0001), and
average speed had a negative correlation (p=0.0012). Calories/hour had positive
significant correlations with average heart rate (p=0.0325) and Garmin kcals (p=0.0284).
Metabolic-cart predicted kcals had many significant correlations. Metabolic-cart
predicted kcals were positively correlated with distance (p=0.0002), time (p=0.0296), and
effort (0.0050). Metabolic-cart predicted kcals was negatively correlated with average
speed (p=0.0296).
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Table 10 - Female Subjects Correlation Matrix for Both Rounds
Lower
Upper
Variable
By Variable
Correlation
95%
95%

Signif.
Prob.

Time

Distance

0.88

0.46

0.98

0.0040

Time

-0.95

-0.99

-0.73

0.0003

Effort

Distance

0.95

0.64

0.99

0.0028

Effort

Time

0.99

0.99

1.00

<0.0001

Effort

Average Speed

-0.97

-0.99

-0.75

0.0012

Cal/Hour

Average HR

0.85

0.12

0.98

0.0325

Cal/Hour

Garmin Kcals

0.86

0.16

0.98

0.0284

Met. Pred. Kcals

Distance

0.99

0.90

0.99

0.0002

Met. Pred. Kcals

Time

0.94

0.55

0.99

0.0051

Met. Pred. Kcals

Average Speed

-0.86

-0.15

-0.15

0.0296

Met. Pred. Kcals

Effort

0.94

0.55

0.99

0.0050

Average Speed

The male golfers alone (Table 11) had fewer variables correlated to each other.
Effort was positively correlated with time (p=0.0078). Average heart rate had a negative
correlation with score (p=0.0194). Effort was significantly correlated with two variables.
Effort was positively correlated with time (p=<0.0001) and negatively correlated with
average speed (p=0.0079). The male golfers had a positive correlation between calories/
hour and Garmin kcals (p=0.0118). In regards to the metabolic-cart predicted kcals, there
was a negative correlation with average heart rate (p=0.0331) and a negative correlation
with calories/hour (p=0.0258).
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Table 11 - Male Subjects Correlation Matrix for Both Rounds
Lower
Upper
Variable
By Variable Correlation
95%
95%

Signif. Prob.

Average Speed

Time

-0.93

-0.99

-0.47

0.0078

Effort

Time

0.99

0.98

0.99

<0.0001

Effort

Average Speed

-0.93

-0.99

-0.46

0.0079

Cal/Hour

Garmin Kcals

0.91

0.38

0.99

0.0118

Met. Pred. Kcals

Average HR

-0.85

-0.98

-0.12

0.0331

Met. Pred. Kcals

Cal/Hour

-0.87

-0.99

-0.18

0.0258

Using stepwise multiple regression to account, we investigate what measured
variables accounted for either the Garmin-predicted kcals expended or the MET-cart heart
rate to kcal regression equation predicted kcals reported for the tournament play while
adjusted for these covariant relationships. Looking at the Garmin kcals for all golfers
during both round 1 and round 2, the stepwise regression showed that the only variables
affecting the Garmin kcals measured were calories/hour (p=0.00) and time (p=0.00)
when accounting for variable covariance; together these variables produced an r-squared
of 0.99. When separating the golfers by gender, it was found that for the female impact rsquared=0.99. The male golfers showed that only calories/hour had a large effect on
Garmin kcals (r-squared=0.99, p=0.00). Looking at the metabolic-cart predicated kcals
for all golfers during both rounds, score was the only significant variable (rsquared=0.66, p=0.03) when adjusting for co-variances across all variables. Taking a
closer look at how metabolic-cart predicted kcals and score are related for all golfers
during both rounds, a regression plot was performed indicating that when covariance was
not accounted for, score significantly related to the metabolic-cart predicted kcals (r-
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squared=0.59, p=0.0013). Separating this data by gender, it was found that the male
golfers had a significant correlation between score and metabolic-cart predicted kcals (rsquared=0.78, p=0.0035). However, the female golfers did not have significance
relationship (r-squared=0.16, p=0.43). Taking a closer look at the relationship between
distance and metabolic-cart predicted kcals for all golfers during both rounds, it was
found that there was not a statistically significant correlation (r-squared=0.13, p=0.19).
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DISCUSSION

Phase 1
This study’s purpose was to determine the amount of energy that was expended
for collegiate golfers in a competitive setting and what factors had the most influence
while using the wearable device the Garmin VivoactiveHR™. Wearable technology
analyzes physiological responses and body movement throughout physical activity in an
attempt to estimate how much energy is expended (Bassett, Rowlands, & Trost, 2012).
For this study, the Garmin VivoactiveHR™ was used in both a controlled environment
(the lab) under controlled conditions (6-minute walk tests with and without the golf bag
weight simulation) and during golf play to determine each golfer’s physiological
responses in context to the lab testing and tournament play.
Recently, in a study by Murakami et al. (2016) published in the Journal of
Internal Medicine, they determined the total energy expenditure of 19 men and women
(ages 21-50) in both a controlled setting (whole body metabolic chamber with daily
living simulation tasks) and for 15 days in a free living environment using doubly labeled
water. During the metabolic chamber testing and the free-living measurements, each
subject also wore 12 different activity tracking devices at the same time. This study found
that in the in-lab experiment within the metabolic chamber, energy expenditure was

3! 8
significantly lower than the kcals determined in the true free living environment using the
doubly labeled water technique. This finding indicates that energy expenditure in the
metabolic chamber was lower in these golfers compared to their respective free-living
conditions possibly because of differences in the subjects’ natural ambulatory patterns
that were altered in the lab setting. For example, the golfers had 221 kcals higher energy
expenditure in the free-living portion of the study. These 221 kcals represented
approximately two more miles of movement that did not occur under the chamber
conditions, which is equal to approximately 4,000 additional daily steps.
How well the various activity trackers picked up and reported these changes
varied across each of the twelve devices. When measurements are made in the chamber,
the lowest estimated energy expenditure was 1,814.8 kcals (± 230.3 kcals) and the
greatest energy expenditure was 2,297.5 kcals (± 345.5 kcals). The devices for the
metabolic chamber averaged an energy expenditure of 2,245.02 kcals (± 298.18 kcals).
This is compared to the gold-standard metabolic chamber of 2,093 kcals, an
overestimation of 152.02 kcals.
Our research showed that during the in-lab 6-minute steady-state walk tests the
Garmin VivoactiveHR™ significantly overestimated caloric expenditure compared to the
gold-standard metabolic-cart measured kcals for all golfers with and without the bag by
22.4% (p=0.01). The golfers with the bag recorded a Garmin kcal expenditure of 67
kcals, whereas the metabolic-cart measured kcals were 59 kcals. When the golfers
performed the same test except without the bag, the Garmin recorded an estimated energy
expenditure of 75 kcals but the metabolic-cart measured kcals were only 57, showing that
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in the controlled environment used in our study, the activity tracking device
overestimated energy expenditure compared to the gold-standard metabolic cart by an
average of 13 kcals. While this deficit is smaller than that of the previous studies due to a
smaller subject group and shorter duration exercise, inaccurate estimations of energy
expenditures were observed from the activity devices in both experiments. These results
highlight the potential for real-world energy expenditure tracking at rest, light, moderate,
and moderately hard activity levels to be inaccurate for a given individual or group of
individuals.
In order to better understand the results, the data was separated by gender for the
in-lab tests. According to the gold-standard metabolic cart, the female golfers exhibited a
decrease in all variables when performing the 6-minute walk test without the bag
compared to with the bag. The decrease in mean VO2, mean heart rate, mean ventilation,
and metabolic-cart kcals without the bag indicates that the female golfers were working
harder physiologically with the bag. During the 6-minute walk with the bag, the female
golfers’ activity trackers estimated kcal expenditure at 63.5 ± 19.7 kcals, an
overestimation of 12.4% compared to the metabolic-cart measured kcals (56.5 ± 5.4
kcals). The overestimation of the Garmin without the bag was even greater at 18.2%. The
Garmin estimated energy expenditure at 61.8 ± 24.6 kcals; however, the metabolic cart
calculated only 52.3 ± 8.1 kcals, a difference of 9.5 kcals. The Garmin kcals estimated
from the 6-minute walk test with the bag was greater than without the bag, following the
same trend as the physiological variables indicating that the female golfers were
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experiencing greater metabolic strain with the bag. Unfortunately there was no statistical
significance due to a small subject number.
In stark contrast, the male golfers did not experience the same physiological
responses as the female golfers. The males’ mean VO2 values remained constant from the
6-minute walk test with the bag and without the bag. As for mean heart rate, mean
ventilation, and metabolic-cart measured kcals, the values increased. During the 6-minute
walk test with the bag, the Garmin estimated kcal expenditure of 71.0 ± 16.6 kcals when
the metabolic-cart measured kcals were actually 56.6 ± 5.4 kcals. The Garmin kcals
during the without-bag test was estimated at 88.8 ± 21.8 kcals; however, the metaboliccart measured kcals was only 61.0 ± 4.6 kcals. The male golfers increased their speed by
6.8% when walking without the bag, causing higher heart rates and higher ventilations
(6.1%). Consequently, this resulted in the Garmin overestimating male golfers’ caloric
expenditure by 23.9% (p=0.02) when in fact there was no change measured by the
metabolic cart.
To gain a better understanding for these observed differences during the in-lab
tests, a stepwise regression was used to establish the variables that affected the Garmin
kcal estimation during both conditions combined. It was found that the variable that has
the largest effect on Garmin kcal estimations was heart rate for both conditions. This was
also true for the 6-minute walk with the bag and without the bag. Other variables that
affected the Garmin kcals on a smaller level were body weight, steps/6 minutes, mph, and
distance. These findings help explain the responses in Garmin kcal expenditure for all
golfers during both conditions. As the females’ mean heart rates decreased from the with-
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bag test to the without-bag test, their Garmin kcal expenditure decreased, as well as for
the male golfers, as their mean heart rate increased from the with-bag test to the withoutbag test, their Garmin kcal expenditure increased. This follows previous findings from a
study by Sell, Abt, and Lephart (2008). In their study they tested one male subject (43
years old) who performed three rounds of golf using different modes of play. The subject
performed one round while walking and carrying clubs, one while walking with a caddy,
and one while riding a cart. During all three rounds, the subject was connected to a
portable metabolic system, a heart monitor, and a monitor to track distance travelled. The
study found that when walking with the golf bag compared to walking without the golf
bag there was an increase in heart rate response. With the increase in heart rate, an
increase in kcal expenditure was also observed. Just as this study found an increase in
energy expenditure with an increase in heart rate response, the female golfers in our study
experienced the same response. Even though the male golfers in our study did not
experience the same response, the same correlation was linked between heart rate
response and energy expenditure.

Phase 2
The competitive golf tournament was performed in order to find information
regarding the energy expenditure and metabolic demand of the sport for collegiate
athletes. The in-lab tests performed prior to the golf rounds were used to establish a basis
of the aerobic fitness of the golfers in our study, as well as serving as supplemental
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information to describe the responses observed in the golf tournament. The Garmin kcal
expenditure collected on the course was compared to the gold-standard metabolic-cart
predicted kcal equations.
Even though all eight golfers played the same course from the same tee markers
(white tee markers: 6,480 yards), they exhibited varying results for the variables. In this
study, the subjects’ VO2max was established during the in-lab testing prior to the golfing to
determine the aerobic fitness level of the golfers. Our results showed that the male golfers
were more aerobically fit than the female golfers (males: 51.7 ± 3.8 mL • kg-1• min-1
[85th percentile]; females: 39.7 ± 6.2 mL • kg-1• min-1 [60th percentile]). The male
golfers also proved more aerobically fit due to having lower average heart rates (111.0 ±
4.31 bpm) than the female golfers (121.99 ± 15.26 bpm).
Overall, the male golfers recorded lower scores than the female golfers (males:
76.8 ± 4.65 strokes; females: 87.5 ± 6.43 strokes). The difference in distance travelled
varied by golfer depending on the location of their golf shots, consequently affecting their
total score. Due to the fact that the female golfers had a greater distance than the male
golfers (females: 7.49 ± 0.27 miles; males: 7.37 ± 0.18 miles), the female golfers also
took longer to complete their rounds (females: 282:42 ± 37:16 minutes; males: 266:05 ±
11:10 minutes). The decreased time to complete the rounds the males experienced can
also be explained by the fact that they had a faster average speed than the female golfers
(males: 1.68 ± 0.09 mph; females: 1.61 ± 0.16 mph). As found in the research study
previously described by Sell, Abt, and Lephart (2008), walking and carrying a golf bag
increased the amount of distance walked on the course compared to other modes of play
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such as utilizing a caddy. According to NCAA regulations, collegiate golfers are not
allowed to use a caddy in NCAA tournament play and therefore they travel a longer
distance dependent upon the course and playing ability.
Even though the male golfers recorded a greater calories/hour value than the female
golfers, the female golfers experienced greater overall tournament Garmin kcals
(females: 1642.33 ± 442.98 kcals; males: 1583.13 ± 145.80 kcals). This is due to the
fact that the female golfers took a longer time to complete the rounds of golf, travelled a
greater distance, and had a higher average heart rate during the rounds. Not only did the
extended amount of time on the course increase the females’ caloric expenditure, but the
increased heart rate increased it as well. As seen from the stepwise regression for the inlab 6-minute walk tests, it was established that the variable that affects the Garmin kcal
expenditure the most was the Garmin heart rate response, thereby, increasing their total
kcal expenditure despite having lower calories/hour values.
Examining the Garmin kcals during the golf tournament testing in greater detail,
these values were compared with the gold-standard metabolic-cart predicted kcals. It was
found that the Garmin VivoactiveHR™ overestimated the caloric expenditure compared
to the metabolic-cart predicated kcals by only 1.0% for all golfers. Separating the golfers
by gender, the metabolic-cart predicted kcals were 1,978 for females when the Garmin
VivoactiveHR™ estimated 1,834.7 kcals; therefore, during round 1 the Garmin actually
underestimated kcal expenditure by 7.2%. Even though the deficit was smaller during
round 2 for the female golfers, the Garmin underestimated kcal expenditure by 4.9%
compared to the metabolic-cart predicted kcal expenditure. This data is not what we
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observed during the in-lab testing for the female golfers. As discussed, the Garmin
VivoactiveHR™ overestimated kcal expenditure during the in-lab portion. Following the
research previously discussed by Murakami et al. (2016), their study found that during
the out-of-lab, free-living testing they conducted the golfers had a low estimated energy
expenditure of 1724.2 kcals (± 229.7 kcals), whereas the highest was an energy
expenditure of 2245.2 kcals (±359.5 kcals). The energy expenditure of the 12 devices
during the free living averaged 2009.25 kcals (±319.02). Compared to the gold standard,
this is an underestimation of 305.15 kcals. Most importantly, all 12 devices
underestimated caloric expenditure compared to the gold standard. This coincides with
the results found in our research because for the female golfers’ in-lab testing, even
though the Garmin VivoactiveHR™ overestimated energy expenditure, both studies
found that during the in-field testing the activity tracking devices in fact underestimated
kcal expenditure compared to gold standards.
The male golfers had they opposite response for Garmin VivoactiveHR™-estimated
kcal expenditure during the golf tournament testing. For round 1, the males’ metaboliccart predicted kcals was 1,472.19 ± 282.61 and the Garmin VivoactiveHR™ estimated a
kcal expenditure of 1,525.0 ± 150.8 kcals, meaning the activity tracking device
overestimated the gold-standard by only 3.5%. The Garmin VivoactiveHR™ also
overestimated the male golfers’ second round by 7.1% compared to the metabolic-cart
predicted kcals. The trend observed during the golf tournament testing follows what was
observed during our in-lab testing for the male golfers. Following the findings of our inlab testing, the males’ results match those found during the 6-minute walk tests’ stepwise
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regression. It was found that the two most important variables affecting Garmin
VivoactiveHR™ kcals were Garmin heart rate, body weight, and mph. The male golfers
during the golf tournament averaged an effort Trimp score of 133.15, indicating a
variance in Garmin VivoactiveHR™ which may have skewed the kcal expenditure data,
causing an overestimation. The male golfers also had a greater body weights and a faster
average speed than the female golfers leading to the difference in responses for the
genders. With the increase in these variables for the male golfers, they could have led to
the overestimation of kcal expenditure compared to the metabolic-cart predicted kcals.
This overestimation follows the same trend found during the in-lab testing.
In order to better understand the results of the golf tournament testing kcal
expenditure data, a stepwise regression was conducted. For both genders during both
rounds, the stepwise regression showed that the variables that affect Garmin
VivoactiveHR™-estimated kcals were calories/hour and time. This is unlike what the
stepwise regression found for the in-lab results. Due to what results were found on the
course, and the amount of time increases on the course, the amount of kcals expended
will increase.
In conclusion, during the in-lab tests, the Garmin VivoactiveHR™ overestimated the
caloric expenditure. As for the golf tournament tests, the activity tracker overestimated
the male golfers’ kcal expenditure but underestimated the female golfers’ caloric
expenditure, showing that there is an inaccuracy in wearable activity tracking devices.
The results showed that the main variable affecting the estimation of the kcals was heart
rate, leading to the belief that the wearable device does not accurately collect heart rate
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during activity. Our findings were supported by a statement by Albinali, Intille, Haskell,
and Rosenberger (2010), who stated there is an inaccuracy in wearable devices depending
on the individual’s size, fitness status, as well as placement of the device on the wrist.
Therefore, for collegiate golfers who would like to establish the energy expenditure and
metabolic cost of their sport, it is suggested that using a wearable device is not an
accurate way to do so. For future studies, it is suggested that the researchers do not enter
the golfer’s golf bag weight into the tracking device, rather the study should allow the
device to estimate kcal expenditure by accounting for the added load. It is also suggested
that more research should be studied in regards to the multiple regression equations and
the degree of account the variables have on kcal expenditure.
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APPENDIX A
INFORMED CONSENT
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Informed Consent Form

You will be participating in a research project. The researchers must inform you
of the study you will be participating in, this is voluntary, and must be aware of the risks
and benefits that may follow. Feel free to contact the researcher with any questions,
comments, or concerns you may have.

Study Title: Energy expenditure of collegiate golfers in a competitive setting
Researcher: Kaela Hierholzer
Department and Institution: Department of Kinesiology and Physical Education,
Northern Illinois University
Address and Contact Information: Anderson Hall, Northern Illinois University,
DeKalb, IL 60115; z1755566@students.niu.edu

1. Purpose of Research
•

You are being asked to participate in a research study of a graduate thesis project
in the Kinesiology and Physical Education department at Northern Illinois
University

•

You have been selected as a participant due to the fact that you meet the
requirements which include: 18-25 years old and a collegiate golfer.

•
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From this study, the researcher hopes to learn about energy expenditure during an
18-hole round of competitive golf while the golfers carry their clubs in a
tournament setting.

•

Your participation in this study will take about 12 hours.

2. What You Will Do
•

You will first be asked to complete a health screening form to ensure you are able
to participate.

•

Following the medical history questionnaire, participants with high CAD risk
(greater than or equal to 1 major sign or symptom or known disease) will be
excluded from the testing. Subjects will also be excluded if: they are pregnant,
have had a major musculoskeletal injury that has limited their ability to play golf
in the past 12 months, or if they have an implanted electronic device. If
participants have moderate CAD risk (no major signs or symptoms or known
disease but 2 or more CV risk factors), they must have a medical examination and
receive clearance to participate. If a participant has low CAD risk (no major signs
or symptoms or known disease and less than 2 risk factors), they are able to
participate without the need for a medical examination prior to performing the
tests. These risk classifications are in accordance with the ACSM guidelines in
NIU's Aerobic Exercise Decisions Tree for Adults (18 years and older). In this
study, you will have your height, weight, age, weight of golf bag, scoring average,
and body composition recorded.
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•

Then, you will be given a Garmin VivoactiveHR™ activity tracker.

•

The following day you will perform a VO2max test. (The VO2max test will consist of
the subject walking on a treadmill at a speed of 3.5 miles per hour until fatigue,
with the incline of the treadmill increasing 1% every minute. The subjects will
also be asked to wear a weight vest that simulates the weight of their golf bag.)

•

The next day, you will perform 2, 6-minute walk tests (one without a weight vest
and one with a weigh vest simulating golf bag weight)

•

The following day you will play an 18-hole round of golf.

•

Then, you will return the next day for the second 18-hole round of golf.

•

You will be provided with all the findings.

3. Potential Benefits
•

Some of the potential benefits you may gain from taking part in this study may
include learning how much energy is expended while playing golf and the
metabolic cost of a golf tournament.

4. Potential Risks
•

Some potential risks of your participation may include, but are not limited to:
muscle soreness and fatigue.

5. Privacy and Confidentiality
•

The data collected will be kept confidential

•
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Information about you will be kept confidential to the maximum extent allowable
by law.

•

The data will not be sent to any other individuals for observation.

•

No one but my research committee, the Institutional Review Board, and myself
will have access to the information.

•

The information gained from this study may be published or used for professional
reasons only; however, your identity will remain unknown.

6. Your Rights to Participate, Say No, or Withdraw
•

This study is voluntary, you reserve the right to not participate, as well as
discontinue participation at any time.

•

If you choose to withdraw during the process, your personal participation will not
be calculated in the results.

•

You do not have to answer any question you are uncomfortable with.

•

If you have questions about your rights as a research participant, you may contact
the Office of Research Compliance at 815-753-8588.

7. Costs and Compensations for Being in the Study
•

Your participation in this study is for educational purposes, and therefore, free of
charge.

•

You will not receive any compensation for participating in this study.
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Name_____________________________________________________________
Signature__________________________________________________________
Date____________________________
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APPENDIX B
MEDICAL HISTORY
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HEALTH HISTORY QUESTIONNAIRE
KINESIOLOGY AND PHYSICAL EDUCATION RESEARCH

Name: _______________________________
Email:________________________________
Phone:_______________________
Gender: ________________

Age: ______________

PART I: KNOWN DISEASES
Do you currently have:
______

Cardiovascular disease, peripheral vascular disease, and/or
cerebrovascular disease?

______

Asthma?

______

Interstitial lung disease?

______

Cystic fibrosis?

______

Chronic Obstructive Pulmonary Disease (COPD)?

______

Diabetes (Type 1 or 2)?

______

Any thyroid disorders?

______

Renal or liver disease?

PART II: SIGNS AND SYMPTOMS

______
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Do you experience pain and/or discomfort in the chest, neck, jaw,
arms, or other areas during mild exercise?

______

Do you feel short of breath at rest, with typical, daily activities, or
with mild exercise?

______

Do you feel short of breath while lying down flat?

______

Are you awoken in the middle of night due to feeling short of
breath and/or severe coughing/weezing?

______

Do you often feel dizzy at rest or with mild exercise?

______

Do you suddenly pass out or lose consciousness while at rest or
with mild exercise?

______

Have you experience ankle edema (swollen ankles)?

______

Do you have heart palpitations and/or tachycardia at rest or with
mild exercise?

______

Do you suffer from muscle cramping, burning, numbness, or
fatigue in your calf muscles at rest or with mild exercise?

______

Do you have a known heart murmur?

______

Do you have unusual fatigue with typical, daily activities?

______

Are you pregnant? (females only)

PART III: CORONARY ARTERY DISEASE RISK FACTORS

______
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Do you have a close blood relative who has had a heart attack or
heart surgery before the age of 55 (Dad, Brother) or age 65 (Mom,
Sister)?

______

Do you smoke, or did you just quit smoking within the past 6
months?

______

For the last 3 months, do you get less than 30 minutes of moderateintense exercise, less than 3 days per week?

______

Are you at least 20lbs overweight?

______

Is your blood pressure over 140/90 mmHg, or are you on blood
pressure medication?

______

Is your cholesterol greater than or equal to 200 mg/dL, or are you
on cholesterol medication?

______

Is your fasting glucose greater than or equal to 100 ml/dL?

PART IV: MUSCULOSKELETAL CONDITIONS
______

Do you have musculoskeletal problems that limit what/how you
exercise?

______

Have you had a major musculoskeletal injury (broken bones, torn
ligaments/tendons, etc.) that has limited your ability to exercise in
the past 12 months?

______

Do you have the “sickle cell” trait?

______
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Have you ever experienced compartment syndrome (compression
of nerves, blood vessels, and muscle tissue inside closed space of a
limb)?

______

Have you ever experienced fasciotomy (fascia is cut to relieve
tension/pressure due to compartment syndrome)?

______

Have you ever experienced myoglobinuria (very, very dark urine)?

PART V: GENERAL SUPPLEMENTAL INFORMATION
Can you think of any other conditions that would be aggravated by maximaleffort exercise?
__________________________________________________________________
__________________________________________________________________

Are you taking prescription medications? If so, please list them and for what
reasons you are taking them.
__________________________________________________________________
__________________________________________________________________

Do you currently have an implanted electronic device?
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Do you know of ANY OTHER REASON(S) for why you shouldn’t partake in
moderate to high-levels of intense exercise?
__________________________________________________________________
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APPENDIX C
RECRUITMENT E-MAIL TO COACHES
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Hello:
My name is Kaela Hierholzer and I am a second year graduate student at Northern
Illinois University. I am contacting you in regards to my thesis study I will be conducting
in the near future.
My thesis is “Energy expenditure of collegiate golfers in a competitive setting”.
The purpose of my study is to see how physically demanding collegiate golf is. This
information will be tracked via a Garmin VivoactiveHR™ Activity tracker and the testing
will take place at Bolingbrook Golf Club.
The subjects must be between the ages of eighteen and twenty-five and they will
be asked to perform a VO2max test, two 6-minute walk tests, and two 18-hole rounds of
golf. The VO2max test will consist of the subject walking on a treadmill at a speed of 3.5
miles per hour until fatigue, with the incline of the treadmill increasing 1% every minute.
The subjects will also be asked to wear a weight vest that simulates the weight of their
golf bag. Prior to the testing, a health screening will be conducted to ensure each subject
is able to participate. If they are, their height, weight, age, weight of golf bag, scoring
average, and body composition will be collected.
Some of the information that can be gained from the study include: how many
calories are expended per hole, how many calories are expended per round, heart rate
response during the round, and the amount of distanced travelled. This may be beneficial
when preparing your team in the offseason as well as during the season.
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I am hoping you have some interest in your players taking part in my study and
am seeking your permission to contact them. Please contact me if you are interested or if
you have any questions.

Thank you,

Kaela Hierholzer
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APPENDIX D
RECRUITMENT E-MAIL TO PLAYERS
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Hello:
My name is Kaela Hierholzer and I am a second year graduate student at Northern
Illinois University. I am contacting you in regards to my thesis study I will be conducting
in the near future.
My thesis is “Energy expenditure of collegiate golfers in a competitive setting.”
The purpose of my study is to see how physically demanding collegiate golf is. This
information will be tracked via a Garmin VivoactiveHR™ activity tracker and the testing
will take place at Bolingbrook Golf Club.
As a subject, you must be between the ages of eighteen and twenty-five. In this
study you will be asked to perform a VO2max test, two 6-minute walk tests, and two 18hole rounds of golf. The VO2max test will consist of the subject walking on a treadmill at a
speed of 3.5 miles per hour until fatigue, with the incline of the treadmill increasing 1%
every minute. The subjects will also be asked to wear a weight vest that simulates the
weight of their golf bag. Prior to the testing, a health screening will be conducted to
ensure each subject is able to participate. If they are, their height, weight, age, weight of
golf bag, scoring average, and body composition will be collected.
The information that will be gained will tell how many calories are expended
during a round of golf, as well as heart rate response. This may help in the future when
preparing for the upcoming season.
I am hoping you have some interest in participating in my study. Please contact
me if you are interested or if you have any questions.
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Thank you,

Kaela Hierholzer
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APPENDIX E
PERMISSION FROM BOLINGBROOK GOLF CLUB
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Thesis Testing
Inb
x
ox

!
Kaela Hierholzer

<z1755566@students.niu.edu>

Ap
r
29

to rfarber

Randy:
I am contacting you to ask your permission to utilize Bolingbrook Golf Club for testing my
thesis, Energy expenditure of golfers in a competitive setting. Please let me know if you have an
questions or concerns.
Thank you,
Kaela Hierholzer

!
Randy Farber

<rfarber@bolingbrookgolfclub.com>

Ap
r
29

to me

Hi Kaela,
I am happy to let you test your thesis here at the club. Please let me know the dates
when you have them.
Thanks,
Randy
From: Kaela Hierholzer [mailto:z1755566@students.niu.edu]
Sent: Friday, April 29, 2016 3:05 PM
To: Randy Farber <rfarber@bolingbrookgolfclub.com>
Subject: Thesis Testing
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APPENDIX F
SUBJECT INFORMATION
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SUBJECT INFORMATION

NAME:________________________________________
SUBJECT NUMBER:__________
AGE:__________
GENDER:___________
HEIGHT:__________
WEIGHT:__________
GOLF BAG WEIGHT:__________
BODY COMPOSITION:______________
18-HOLE SCORING AVERAGE:__________
How many times have you played Bolingbrook Golf Club? ___________
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APPENDIX G
SCORECARD
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SUBJECT:

Hole

ROUND:

O
1 1 1 1 1 1 1 1 1 U
1 2 3 4 5 6 7 8 9 IN 0 1 2 3 4 5 6 7 8 T

PLAY
ER

SCORER:

WITNESS:

TOT
AL
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APPENDIX H
STATISTICS CARD

!75

SUBJECT:
HOLE

FAIRWAYS
HIT

ROUND:
GIR

PUTTS

HOLE

1

10

2

11

3

12

4

13

5

14

6

15

7

16

8

17

9

18

IN

OUT
TOTAL

FAIRWAYS
HIT

GIR

PUTTS

